This paper is the second of a series of three where we study the mass function of virialized dark matter halos using the excursion set method. Motivated by recent large-scale N-body simulations determining the relation between the density threshold for gravitational collapse and the variance of the linear density field for regions that collapse to form halos by the present epoch, we deduce that the critical value for collapse is a stochastic variable. Within the excursion set method, the computation of the halo mass function can then be mapped into a first-passage time process in the presence of a barrier whose height evolves according to a diffusion equation ("diffusing barrier"). We show that the resulting halo mass function is in remarkable agreement with the existing N-body simulations without any need of introducing ad hoc coefficients. Two main physical effects concur to this agreement: 1) the presence of a diffusing barrier implies that the excursion takes place with an effective diffusion coefficient larger than one, thus increasing the halo mass function in the high-mass limit with respect to the (extended) Press-Schechter theory and 2) the non-markovian effects arising from the use of the tophat filter in real space, computed in paper I of this series, suitably decrease the halo mass function in the low-mass range with respect to the (extended) PS result. Subject headings: cosmology:theory -dark matter:halos -large scale structure of the universe
INTRODUCTION
The relation between the linear density perturbations at early time and the abundance of virialized dark matter halos at the present epoch is an extremely relevant one in modern cosmology. In particular, primordial nongaussianities leave an imprint on the abundance and on the clustering properties of the most massive objects, such as galaxy clusters, which form out of rare fluctuations (Matarrese et al. 1986; Grinstein & Wise 1986; Lucchin et al. 1988; Moscardini et al. 1991; Koyama et al. 1999; Matarrese et al. 2000; Robinson & Baker 2000; Robinson et al. 2000) . These observational signatures are potentially detectable by the various planned large-scale galaxy surveys.
From the theoretical side, the challenge is to compute the number density of dark matter halos of mass M, n(M), in terms of the statistical properties of the primordial density field. As usual, one considers the density contrast δ(x) = [ρ(x) −ρ]/ρ, whereρ is the mean mass density of the universe and x is the comoving position, and smooths it on some scale R, defining
with a filter function W (|x − x ′ |, R). For gaussian fluctuations, the statistical properties of the fundamental density field δ(x) are embodied in its power spectrum P(k), defined by
whereδ(k) are the Fourier modes of δ(x). From this one finds the variance σ(R) of the smoothed density field If we smooth the density field with a tophat filter function in coordinate space, the mass M associated to a smoothing radius R is M = (4/3)πR 3 ρ, and we can consider σ as a function of M, rather than of R. The ambiguities involved in assigning a mass M to a smoothing scale R when one uses a different filter function have been discussed in detail in Maggiore & Riotto (2009a) (hereafter paper I).
The halo mass function dn/dM can be written as
In (extended) Press-Schechter (PS) theory (Press & Schechter 1974; Bond et al. 1991 ) the function f (σ) is predicted to be
where δ c ≃ 1.686 is the critical value in the spherical collapse model. This result can be extended to arbitrary redshift z reabsorbing the evolution of the variance into δ c , so that δ c in the above result is replaced by
is the growth factor. However, eq. (5) is valid only if the density is smoothed with a sharp filter in momentum space, and in this case there is no unambiguous way of assigning a mass to a region of radius R. In paper I we have been able to extend this result to a tophat filter in coordinate space. In this case the computation is considerably more difficult. In fact, when the density perturbation is smoothed with a sharp filter in momentum space, δ(R) obeys a Langevin equation with respect to the "pseudotime" variable S(R) ≡ σ 2 (R), with a Dirac delta noise. This means that the dynamics is markovian, and that the probability Π(δ, S) that the density contrast reaches the value δ at "time" S satisfies a Fokker-Planck (FP) equation, with an "absorbing barrier" boundary condition Π(δ c , S) = 0. For different filters the dynamics becomes non-markovian, and Π(δ, S) no longer satisfies a local diffusion equation such as the FP equation. In paper I we have been able to formulate the problem of the computation of Π(δ, S) in terms of a path integral with boundaries and we have found that the result can be split into a "markovian" and a "non-markovian" part. The markovian part simply gives back eq. (5), where now σ(M) is the variance computed with the tophat filter in coordinate space, while the non-markovian terms can be evaluated perturbatively. To first order, we found
where
R is measured in Mpc/h, Γ(0, z) is the incomplete Gamma function, and the numerical value of κ(R) is computed assuming a ΛCDM model with h = 0.7,
and Ω B h 2 = 0.022, and a tophat filter function in coordinate space. Observe that for a sharp filter in momentum space,
, as defined by the first equality in eq. (7), vanishes. Our analytical result (6) can be compared with the result of a Monte Carlo realization of the first-crossing distribution of excursion set theory, obtained by integrating numerically a Langevin equation with a colored noise, performed in Bond et al. (1991) and in Robertson et al. (2008) , and we find full agreement.
Still, neither eq. (5) nor eq. (6) perform well when compared to cosmological N-body simulation. Indeed, PS theory predicts too many low-mass halos, roughly by a factor of two, and too few high-mass halos: at σ −1 = 3 (high masses correspond to small values of σ), PS theory is already off by a factor O(10). The mass function given in eq. (6), in the interesting mass range, is everywhere lower than the PS prediction and therefore, while it improves the agreement at low masses, it gives an even worse result at high masses, see Fig. 9 of paper I. Thus, it is clear that some crucial physical ingredient is still missing in the model. The aim of this paper is to show that the crucial missing point is that the critical value for the collapse must itself be treated as a stochastic variable, with a variance that can be read directly from the N-body simulations. We will see that this simple observation, combined with the non-markovian corrections computed in paper I, perfectly reproduces the results of the N-body simulations.
The organization of this paper is as follows. In Section 2 we examine the modification to the standard excursion set theory based on a moving barrier, motivated by the ellipsoidal collapse model (Sheth et al. 2001 ), and we compare it with the diffusing barrier that we propose. In Section 3 we compute the halo mass function with a diffusing barrier, both for the markovian case and including the non-markovian corrections, and we compare with the data from the N-body simulations.
THE ELLIPSOIDAL COLLAPSE BARRIER AND THE DIFFUSING BARRIER
The fact that extended PS theory gives a qualitatively correct answer but fails at the quantitative level has led many authors either to resort to fits to the N-body simulations, see e.g. Sheth & Tormen (1999); Sheth et al. (2001); Jenkins et al. (2001) , or to abandon the spherical collapse model. Sheth et al. (2001) argued that the collapse is ellipsoidal and that the collapse of halos occurs along the principal axes. As a result, the ellipsoidal collapse barrier B acquires a σ-dependence,
Physically this reflects the fact that low-mass halos (which corresponds to large σ) have larger deviations from sphericity and significant shear, that opposes collapse. Therefore lowmass halos require an higher density to collapse. In contrast, very large halos are more and more spherical, so their effective barrier reduces to the one for spherical collapse.
It is apparent that the use of a moving barrier of the form (8), by itself, cannot improve the agreement with N-body simulations in the large mass limit since, for large masses (which correspond to σ → 0), B(S) reduces to the value for the spherical collapse and therefore we get back the incorrect prediction of extended PS theory. This point has been correctly stressed in Robertson et al. (2008) . More generally, since the barrier is receding away from its initial location δ c , it is more difficult for the smoothed density perturbation to reach it, at any σ, so the use of eq. (8) simply gives a halo mass function which is everywhere smaller than the PS prediction.
In order to improve the agreement between the prediction from the excursion set method with an ellipsoidal collapse and the N-body simulations, Sheth et al. (2001) found that it was necessary to introduce a new parameter a SMT ≃ 0.707, (so that √ a SMT ≃ 0.84) and postulate that the form of the barrier is rather
(and furthermore they multiply the first-crossing distribution by a factor ∼ 0.32 in order to get a distribution normalized to unity). 4 It is important to stress that, in Sheth et al. (2001) , this parameter is not derived from the dynamics of the ellipsoidal collapse. On the contrary, the ellipsoidal collapse model predicts a SMT = 1 because in the limit σ → 0 the barrier must reduce to that of spherical collapse. Rather, Sheth et al. (2001) argue that a SMT is determined by how the halos are identified in the simulation, through the "Friends-of-Friends" algorithm, and fix by hand its numerical value in order to fit the result of the N-body simulations (this point has also been correctly stressed recently in Robertson et al. (2008) ).
At this stage an interesting question arises. In the markovian case, the probability distribution Π(δ, S) satisfies a FP equation
where D is the diffusion coefficient. In the extended PS formalism the diffusion coefficient D turns to be equal to unity. 5 Is the presence of the coefficient ∼ 0.84 advocated by Sheth et al. (2001) telling us that the barrier is lower than the critical value δ c , or that the the diffusion coefficient of the brownian motion of the smoothed density perturbation is larger? Indeed, in the halo mass function what enters is the combination ν = (δ c / √ D σ). The modification from ν to ∼ 0.84 ν may be therefore ascribed either to a lower barrier or to a larger diffusion coefficient. As remarked in Robertson et al. (2008) , the ellipsoidal collapse predicts that the ellipsoidal collapse barrier should converge to the spherical collapse barrier value δ c ≃ 1.68 in the high-mass limit, so the origin of the coefficient ∼ 0.84 cannot be identified with a decrease of the barrier. In fact, Robertson et al. (2008) went further. Using large-scale simulations, they showed that the relation between the linear overdensity and the mass variance for regions that collapse to form halos by the present epoch do resemble the expectations from the dynamical models of ellipsoidal collapse, and in particular it converges to the spherical collapse value δ c in the halo high-mass range. They also showed that, using such a collapse barrier with the excursion set ansatz, predicts a halo mass function inconsistent with that measured directly in cosmological simulations. This inconsistency would demonstrate the failure of the excursion set ansatz as a physical model for halo collapse. This conclusion is not surprising at all, as it was the reason why Sheth et al. (2001) decreased the collapse barrier to ∼ 0.84δ c in the first place. The goal of this paper is to show that the excursion set method is able to well reproduce the N-body results once two physical facts are properly accounted for : 1) the barrier to very good approximation is diffusing, which results in a larger effective diffusion coefficient and 2) non-markovian effects arise upon using the tophat filter in real space. The latter point was extensively addressed in paper I, from which we will borrow the main results. As for the first point, we argue that the barrier not only moves according to the ellipsoidal collapse model, but it does it in a stochastic diffusive way. This crucial observation comes about when one studies how the effective smoothed collapse barrier for halos formed in cosmological perturbations behaves as a function of the variance σ(M). This behavior has been analyzed by Robertson et al. (2008) , see in particular their Fig. 3 (see also Fig. 1 of Dalal et al. (2008b) ). For each halo identified in their N-body simulations at z = 0, they calculated the center-of-mass of the halo particles at their positions in the linear field at z ≃ 10 2 and used the density field, smoothed with a tophat filter in real space, to compute the overdensity within a given lagrangian radius R. This overdensity is then linearly extrapolated to z = 0. They find that the distribution of such smoothed linear overdensities B(S), at fixed S = σ 2 (M), is approximately log-normal in shape with a width Σ B given by
reflects the intrinsic scatter in the linear overdensity of collapsed regions introduced by the smoothing process (as well as limitations in the determination of B(S)). This amounts to saying that the very same procedure by which the effective smoothed collapse barrier is determined makes the motion of the barrier itself approximately diffusive.
In a log-normal distribution one has
In a ΛCDM model, σ(M) is such that, for values of M corresponding to cluster of galaxies, 0.3σ(M) ≪ 1. For instance,
15 M ⊙ h −1 (see e.g. Fig. 1 of the review Zentner (2007)). Therefore in the high-mass range Σ B is small and we can expand eq. (12), obtaining where we have taken B ≃ δ c ≃ 1.68. The inclusion of an overall drift of the barrier, such as that in eq. (8), as well as higher order terms in the expansion of the exponential in eq. (12), provides terms of higher order in σ, which are subleading in the large-mass regime.
Recall that, if a particle performs a brownian motion, its position ξ(t) has a variance given by (ξ(t) − ξ 0 ) 2 1/2 = √ Dt, where D is the diffusion coefficient normalized as in eq. (10). In the excursion set method the variable S(M) = σ 2 (M) plays the role of a "pseudotime" variable, so eq. (13) means that, at least in the low-σ region, the collapse barrier suffers a brownian motion around its initial position δ c , with a diffusion coefficient
From these considerations we deduce that the operative way that the effective collapse barrier is inferred from the N-body simulations implies that it is diffusing. The first-passage time problem becomes therefore the well-known problem of the "diffusing cliff" described, for instance, in Section 4.8.3 of Redner (2001) . In the next Section we will review the solution of this problem and we will account for the non-markovian effects.
THE HALO MASS FUNCTION IN THE PRESENCE OF THE DIFFUSING BARRIER
In this Section we compute the halo mass function under the assumption that the barrier is diffusing. Intuitively, we may right away understand why this assumption is going to help to reproduce the numerical N-body results. Even if, on average, the barrier has equal probabilities of fluctuating toward values lower that δ c as toward values higher than δ c , still fluctuations of the barrier toward lower values can combine with fluctuations of the trajectory toward the barrier, to enhance the probability of the rarest event, see Fig. 1 . We therefore expect an enhancement of the first-crossing rate at low σ, i.e. in the large mass region.
Markovian case
We consider first the computation in the markovian case, i.e. we set κ = 0, and we work directly in the continuum limit. We denote by Π(B(0), B; δ(0), δ; S) the joint probability that, at "time" S, the barrier has reached by diffusion the value B, starting from the initial value B(0) = δ c , while the density contrast has reached the value δ, starting from the initial (x 1 , x 2 ) . The initial position is in (x 1 = 0, x 2 = 1) (black dot) and its image point is in (x 1 = sin 2θ, x 2 = − cos 2θ) (white dot). value δ(0) = 0. The fact that the "particle" described by δ(S) and the barrier B(S) both diffuse independently means that the joint probability distribution satisfies the two-dimensional FP equation
where D = 1 and D B ≃ 0.25, see eq. (14). We introduce a new time variable t = S/δ 2 c , and new variables
so eq. (15) becomes ∂Π ∂t = 1 2
In term of these variables the barrier starts at x 1 (0) = 0 while the "particle" starts at x 2 (0) = 1. The boundary condition is that Π(B(0), B; δ(0), δ; S) vanishes when δ(S) = B(S), i.e. Π(x 1 (0), x 1 ; x 2 (0), x 2 ;t) vanishes when √ D B x 1 = x 2 . We define θ from √ D B = tan θ, so we have a two-dimensional FP equation with the boundary condition that Π vanishes on the line x 1 = x 2 cotθ, see Fig. 2 . Just as in the one-dimensional case, this problem can be solved by the method of images (Redner 2001) , and the result is given by a gaussian centered on (x 1 = 1, x 2 = 0) minus a gaussian centered on the image point (x 1 = sin 2θ, x 2 = − cos2θ),
where we added to Π the superscript "markov" to remind that this is the solution in the markovian case. The probability density for the scaled density perturbation to be at the position x 2 is the integral of the two-dimensional density over the accessible range of the scaled collapse barrier coordinate x 1 , where Erfc(z) is the complementary error function and the initial conditions x 1 (0) = 0 and x 2 (0) = 1 are understood. Restoring the original variables S, δ(S) and B(S), and using Π(δ 0 ; δ; S)dδ = Π(x 2 (0); x 2 ;t)|dx 2 | where |dx 2 | = dδ/δ c , we get
where the initial condition δ 0 = 0 is understood. The limit of non-diffusing barrier is D B → 0 + , so θ → 0 + and cotθ → +∞. Recalling that Erfc(z) → 2 as z → −∞, we see that in the limit D B → 0 + we recover the standard result of excursion set theory with a static barrier of Bond et al. (1991) .
In Fig. 3 we compare this function, for a diffusion coefficient D B = 0.25, with the static barrier case. Observe that, when D B = 0, the distribution function vanishes for δ ≥ δ c , 6 while for finite D B it is non-zero for all values of δ. Of course, this reflects the fact that the barrier can in principle diffuse to arbitrarily large values of δ.
The markovian contribution to the first crossing rate is
The evaluation of this expression can be simplified observing that ∂/∂S, when acting on (2πS) −1/2 exp{−δ 2 /(2S)}, is the same as (1/2)∂ 2 /∂δ 2 , and integrating twice by parts ∂ 2 /∂δ 2 . We then find
The function f (σ) is obtained from the first crossing rate using f (σ) = 2σ 2 F (σ 2 ), see e.g. Section 2 of paper I, so we get
We see that the markovian halo mass function is the same as that computed with the usual excursion set formalism, except for the crucial modification that the diffusion coefficient, which in the standard excursion set formalism is equal to one, is replaced by an effective diffusion coefficient
In fact, even if the expression for Π markov (δ, S) given in eq. (21) is interesting by itself, the result for the first-crossing rate could have been obtained directly, without even computing explicitly Π markov (δ, S), simply observing that the problem involving a barrier with coordinate x 1 and diffusing with a diffusion coefficient D 1 , and a particle with coordinate x 2 , diffusing with a diffusion coefficient D 2 , can be mapped into a one-degree of freedom problem, introducing the relative coordinate x = x 2 − x 1 . The resulting stochastic motion is governed by an effective diffusion coefficient (Redner 2001) . This point can be easily understood considering a Langevin equation for the barrier coordinate x 1 ,
with
and a Langevin equation for the particle coordinateẋ 2 = η 2 (t) with η 2 (t)η 2 (t ′ ) = D 2 δ(t − t ′ ). Then the relative coordinate x = x 2 − x 1 satisfiesẋ = η(t) with η(t) = η 2 (t) − η 1 (t) and, if η 1 (t) and η 2 (t) are uncorrelated,
showing that the relative coordinate diffuses with an effective diffusion coefficient D 1 + D 2 . In our case D 1 = D B ≃ 0.25 while D 2 = 1.
Non-markovian correction
We now turn to the non-markovian corrections. As it was shown in paper I, when we use a tophat filter in coordinate space the two-point correlation function can be written as
and κ ≃ 0.44. The first term in the right-hand side of eq. (30) is responsible for the markovian contribution to the dynamics, and it originates from a Dirac-delta gaussian noise; the second term provides the non-markovian contribution. The reader is referred to paper I for more details. The fact that the barrier diffuses with a diffusion coefficient D B means that
More generally, even the motion of the barrier can be subject to non-markovian effects, so eq. (32) should be generalized to
Making the rather natural assumption that δ(S 1 )B(S 2 ) = 0 and introducing the variable X(S) = δ(S) − B(S), we see that
Thus, our problem becomes formally identical to a problem for a single degrees of freedom X(S), with an absorbing boundary condition at X = 0, with diffusion coefficient (1 + D B ), and non-markovianities described by ∆(S 1 , S 2 ) + ∆ B (S 1 , S 2 ). We now make the assumption that ∆ B (S 1 , S 2 ) is small with respect to ∆ (S 1 , S 2 ) . This assumption could be tested by extracting the correlator B(S 1 )B(S 2 ) from the N-body simulations, similarly to how the variance B 2 (S) has been computed in Robertson et al. (2008) . The effect of a nonvanishing ∆ B can be included perturbatively using the technique that we developed in paper I, just as we did for ∆(S 1 , S 2 ).
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When ∆ B can be neglected, the computation of the halo mass function to first order in the non-markovian corrections can be performed introducing a rescaled "time" variableS = (1 + D B )S. Then, using the explicit expression (31), we get
This is the same problem that we have already solved in paper I, with κ replaced byκ and S replaced byS, so the solution can be written immediately, (25) . This is the main result of this paper. In Fig. 4 we compare our prediction, given by eq. (37) (solid line), with PS theory (dashed line) and with the data of the N-body simulation of Pillepich et al. (2008) . The agreement of our prediction with the data is remarkable if one thinks that no coefficient is introduced by hand. For example, at σ −1 = 3, the N-body simulation gives f (σ) = 8.78 × 10 −5 . Our prediction is f (σ) = 8.61 × 10 −5 , while PS theory gives f (σ) = 1.12 × 10 −5
. In order to appreciate the role of the non-markovian corrections, in Fig. 5 we restrict to the region 0.8 < σ −1 < 2 and we enlarge correspondingly the resolution on the vertical axis, to show finer details. We compare the data of Pillepich et al. (2008) with our prediction (37) (solid line), the PS prediction (dashed line), and our result with the non-markovian corrections switched off, i.e. eq. (37) withκ = 0 (dotted line). It is apparent that the PS prediction simply has the wrong exponential behavior, undershooting at large masses and overshooting at low masses. In contrast, the dotted and the dashed lines both have the correct shape, and basically differ in the overall normalization. Clearly, the non-markovian corrections improve the agreement with the data, reducing the amplitude by the factor ∼ 2 that is needed to get the agreement with the data. Again, the agreement is very good.
Two distinct physical effects cure the PS prediction exactly where they should: first, the fact that the collapse barrier Fig. 4 , now over the smaller range 0.8 < σ −1 < 2, together with our prediction (37) (blue solid line), the PS prediction (violet dashed line), and eq. (37) withκ = 0 (brown dotted line). The error bars on the numerical data are small on this scale.
should be regarded as diffusing introduces an effective diffusion coefficient D eff larger than unity, thus increasing the halo mass function in the high-mass range with respect to the (extended) PS result; second, the non-markovian corrections mainly decrease the halo mass function in the low-mass range with respect to the (extended) PS result. We also stress that the first-crossing distribution is automatically normalized to unity, i.e. all the mass of the universe will end up in virialized objects. No ad hoc normalization coefficient needs to be introduced. We do have an input from the N-body simulation, which is however quite indirect, and is the measured variance of the threshold for collapse, which for small σ is determined in Robertson et al. (2008) to be Σ B ≃ 0.3σ. Our diffusing barrier model translates this information into an effective diffusion coefficient for the barrier, D B = (0.3δ c ) 2 , and predicts a = 1/(1 + D B ).
CONCLUSIONS
In this paper we have studied the halo mass function prediction using the excursion set method. We have interpreted the relation found in Robertson et al. (2008) between the density threshold for gravitational collapse and the variance of the linear density field for regions that collapse to form halos by the present epoch, in terms of a barrier that diffuses stochastically. We have taken as input from the N-body simulation the variance of the fluctuations of the barrier, and we have used it to compute the distribution function Π(δ, S) for a diffusing barrier. After including the non-markovian corrections due to the tophat filter function in coordinate space, computed in paper I, we find that the agreement of our prediction (37) with the N-body simulation is excellent. Therefore, the excursion set method is able to correctly reproduce the dark matter halo mass function. Physically, the explanation of why the halo mass function is larger than the one predicted by the extended PS in the high-mass limit is not that the barrier for collapse is lower than in the spherical collapse model, as (at least implicitly) argued in much of the literature. On average, our barrier sits at δ c at σ = 0, in agreement with the fact that the collapse barrier should converge to the one for spherical collapse in the high-mass limit. However, the fact that it fluctuates results in a larger effective diffusion coefficient, so it is easier for the smoothed density perturbation to reach the barrier. This is in fact due to the well-known phenomenon of "recurrence" of diffusion: in one-dimension two diffusing particles are certain to meet eventually, see Weiss (1994) . In the low-mass region the cure is instead provided by the non-markovian effects.
Further refinements of this model are certainly possible. In particular, one should include the effect of the ellipsoidal collapse, considering a barrier that, rather than fluctuating stochastically around the fixed value δ c , fluctuates around an average value that drifts as in eq. (8). This will not change appreciably the result in the large mass limit, since for σ → 0 eq. (8) reduces to a barrier sitting in δ c , but will lower further the halo mass function in the low mass regime, where the barrier given by eq. (8) is higher, and therefore more difficult to pierce. Another important issue that deserves investigation is the possible presence of non-markovian contributions in the barrier-barrier two-point function, since the function ∆ B (S 1 , S 2 ) in eq. (34) in general will not be zero. Once it is measured from the N-body simulations, its effect can be computed perturbatively using the technique developed in paper I. We expect that this will basically amount to a small corrections of the value of the parameterκ in eq. (37). One more effect that will be relevant in the low-mass regime is due to the fact that the expansion of eq. (12) leading to eq. (13) becomes less accurate at low σ −1 . All these effects will slightly modify the result at low masses, which is why in Figs. 4 and 5 we plot the results only for σ −1 > 0.8. For lower values, if we wish to perform an accurate comparison, all these effects should be taken into account.
While all these refinements are certainly important, we think that our model is already sufficiently successful, in the gaussian case, to be taken as a good starting point for the inclusion of non-gaussianities, especially because for the nongaussianities we need a good modelization of the high-mass regime. This will be the subject of the third paper of this series (Maggiore & Riotto 2009c) . The inclusion of non-markovian effects is also relevant for the issue of merger bias of highmass halos, see also Dalal et al. (2008b) , and will be analyzed in a separate publication.
We thank Sabino Matarrese and Sidney Redner for useful discussions. It is also a pleasure to thank A. Pillepich, C. Porciani and O. Hahn who kindly provided us with their N-body simulation data. The work of MM is supported by the Fond National Suisse. The work of AR is supported by the European Community's Research Training Networks under contract MRTN-CT-2006-035505. 
